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SUMMARY 

Tests have been made at Mach numbers of 1.62, 2.91, and 6.86 to 
determine the longitudinal aerodynamic characteristics of a hypersonic 
glider and a series of llbooster configurations. For these Mach num- 

6 6 bers, the Reynolds numbers varied from 0.27 x 10 to 1.0 x 10 per inch. 
The results showed that the aerodynamic instability incurred as a result 

come by using fins on the booster but that these fins become ineffec- 
tive at hypersonic speeds. 

hysteresis effects in the force and moment results combined with high 
drag make it a less desirable configuration. 

4 of rigidly mounting the glider in tandem with the boosters could be over- 

Mounting the glider alongside of the boosters 
a produced an aerodynamically stable configuration but the nonlinear and 

INTRODUCTION 
// 

Extensive research has been conducted recently on 
and control of hypersonic boost-glide vehicles at Mach 
zero up to the hypersonic range. (See refs. 1, 2, and 
tant, of course, to know the stability characteristics 

numbers from near 
3 . )  It is impor- 
of such gli'de 

configurations throughout the complete velocity range (from reentry 
velocity to landing speeds) when considering atmospheric reentry. 
of equal importance to know the stability characteristics of complete 
booster-glider combinations when considering the launching and exiting 
from the atmosphere of a boost-glide vehicle. The stability character- 
istics of booster-glider combinations might be required through as com- 

a complete configuration with boosters and glider might only remain 
coupled through the early portion of the atmospheric exit. 

It is 

A plete a speed range as for the glider alone or, depending on the staging, 

In general, 
64 
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w however, at least a portion of the booster will be attached to the 
glider throughout the entire speed range. The glider, if rigidly mounted 
on the forward end of one or more stages of boosters will produce unstable 
aerodynamic moments about the center of gravity of the combined vehicle. 
The designer must therefore provide some means of establishing an adequate 
level of stability for the glider and its various booster stages over the 
speed range for which these vehicles are in combination. 

The purpose of the present report is to provide information on the 
longitudinal aerodynamic stability of a series of booster-glider com- 
binations at supersonic and low hypersonic speeds. Lift, drag, and 
pitching-moment coefficients have been determined from wind-tunnel tests 
and are presented for a glide vehicle in combination with 11 typical 
booster configurations. 
supersonic tunnel at Mach numbers of 1.62 and 2.91 and in the Langley 
11-inch hypersonic tunnel at a Mach number of 6.86. 
bers the Reynolds numbers varied from 0.27 x 10 

The tests were conducted in the Langley 9-inch 

For these Mach num- 
6 6 to 1.0 x 10 per inch. 

SYMBOLS 

mean aerodynamic chord of glider, in. 

drag coefficient, D r a g  
qs 

drag coefficient at zero lift 

Lift lift coefficient, - 
qs 

slope of lift curve at zero lift, per deg 

Pitching moment pitching-moment coeffient, qsc 

slope of pitching-moment curve at zero lift, per deg 

lift-drag ratio 

Mach number 

dynamic pressure, lb/sq in. abs 

Reynolds number per in. 

1 

L 
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S wing area  of g l ider ,  sq in .  

a, angle of a t tack,  deg 

MODELS AND DESIGNATIONS 

Schematic drawings of the 11 configurations are  shown i n  f igure  1. 
The various configurations are  designated by l e t t e r  symbols, subscripts,  
and superscr ipts  and are iden t i f i ed  as follows: 

g l ide r  located i n  tandem with booster stages (subscr ipt  1 
used with the g l ide r  r e fe r s  t o  wing planform 1 i n  the tests 
of r e f .  3)  

g l ide r  located i n  piggyback on three boosters 

th ree  boosters i n  a t r i n e  c lus t e r  configuration 

outboard boosters of p a r a l l e l  booster configuration i n  
horizontal  plane 

outboard boosters of p a r a l l e l  booster configuration i n  
v e r t i c a l  plane 

middle booster of p a r a l l e l  booster configuration 

middle booster used i n  piggyback configuration 

f i n a l  booster stage 

la rge  booster f i n s  (mounted i n  the horizontal  plane on 
B2 only) 

s m a l l  booster f i n s  (mounted i n  the  horizontal  plane on 
B2 only) 

t r a n s i t i o n  sect ion used i n  place of B3 

Photographs of the  various configurations mounted on a dummy swing  
i n  the Langley 9-inch supersonic tunnel are shown i n  f igure  2. 
cha rac t e r i s t i c s  of the  models a r e  given i n  t ab le  I. 
configurations the  moment reference point was  located 4 3 6 3  inches 

Geometric 
For most of the  
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rearward of t he  nose of the  g l ide r .  (Notice 
= 

t h a t  t h i s  locat ion resul ted 
i n  the moment reference point being 0:263 inch rearward of t he  model for 
configuration GiTB3. ) 
erence point 1.782 inches from t he  nose and on the horizontal  center 
l i n e  of the second-stage booster. 

The piggyback configurations had the  moment ref - s 

APPAFUlTJS AND TESTS 

Wind Tunnels 

T e s t s  a t  M = 1.62 and 2.91 were conducted i n  the Langley 9-inch 
supersonic tunnel.  The t e s t  Mach numbers are varied by interchanging 
nozzle blocks. The moisture content of t he  air i n  the  tunnel w a s  main- 
tained su f f i c i en t ly  low so t h a t  t he  e f f ec t s  of condensation i n  the  super- 
sonic nozzle were negl igible .  A t  a Mach number of 1.62, t he  stagnation 
pressure was  held constant a t  e i t h e r  1.1 o r  3 atmospheres and resu l ted  i n  
a Reynolds number of about 0.4 x 10 The tests 
at  Mach number 2.91 were a l l  made a t  a stagnation pressure of 4 atmos- 
pheres resu l t ing  i n  a Reynolds number of about 0.75 x 10 

6 6 or 1.0 x 10 per inch. 

6 per  inch. 

The data  a t  M = 6.86 were obtained i n  the Langley 11-inch hy-per- 

A stagnation temperature of l,lOOo 
sonic tunnel. 
numbers of 0.27 x- 10 6 per  inch. 
Rankine w a s  maintained for these t e s t s  and w a s  su f f i c i en t  t o  avoid 
l iquefact ion of t he  air i n  the  nozzle. 

A stagnation pressure of 24 atmospheres produced Reynolds 

Tests 

The models were s t ing  supported and t e s t ed  through an angle-of- 

Forces and moments w e r e  measured on external  balances 
a t t ack  range from -8' t o  11' at 
a t  M = 6.86. 
which were shielded from the  wind t o  prevent any extraneous forces  or 
moments from being measured by the  balances. 
t he  base of each booster w a s  measured and the  axial-force da t a  were 
adjusted t o  zero base drag ( t h a t  is, t o  t h e  axial force which would 
e x i s t  i f  free-stream pressure acted on the e n t i r e  base of t he  models). 
This adjustment i n  base pressure a l so  resu l ted  i n  a correction t o  the  
pi tching moment of t he  piggyback configurations since the third-stage 
booster w a s  located above the moment reference axis .  

M = 1.62 and 2.91, and from -3' t o  Bo 

The pressure ex is t ing  a t  

Some of t he  tests at M = 1.62 and 2.91 were  made on models t h a t  
had t r ans i t i on  s t r i p s  applied t o  the  g l ide r  and boosters.  
1/16-inch-wide t r ans i t i on  s t r i p s  consisted of 0.005- t o  0.008-inch- 
diameter aluminum oxide ;particles applied p a r a l l e l  t o  and 3/32 inch 
rearward of t he  wing and rudder leading edges. 

These 

The s t r i p s  were continued 

L 
6 
8 
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around the conical nose of the glider where they intersected with the 
strips on the upper surface of the wing. On some tests of the piggback 
configuration the transition strips were applied to the conical-nose 
sections of the boosters as well as to the glider. Data obtained from 
tests of models having transition strips are noted in the appropriate 
figures. 

The angles of attack were measured optically by means of a point 
source of light and prisms mounted in the models and are true angles of 
attack regardless of the deflections of the balances and stings under 
load. 

RESULTS AND DISCUSSION 

Schlieren Photographs 

Schlieren photographs taken during this investigation are presented 
in figures 3, 4, and 5 and illustrate the shock patterns about the vehi- 
cles in the horizontal and vertical planes at zero angle of attack. Tk 
boundary-layer transition strips applied to the wing and tail surfaces 
of the glider for some of the tests give rise to weak shock waves which 
are discernible in some of the photographs (e .g., configuration GITB:, 
at M = 1.62). 
figuration GlPB3B2'BlH show relatively weak bow shocks from the glider 

and booster merging with a strong, curved shock formed as a result of the 
relatively blunt fairings between the first- and second-stage boosters 
and indicate that this configuration has a relatively high drag at 
M = 1.62 and 2.91 
wake and unsteady shocks securred in the flow about this configuration 
at both 
at M = 6.86 
fairing on the third-stage booster may have caused separation of the 
boundary layer over most of the fuselage of the glider and probably over 
the inboard portions of the wing. The effect of increasing Reynolds num- 
ber on the separation of the boundary layer on the glider was not deter- 
mined in the current tests; however, effects of boundary-layer separa- 
tion similar to those reported in reference 4 are expected to occur in 
this region. 

(See fig. 3(a) .) The schlieren photographs of con- 

(figs. 3(d) and 4(d), respectively). An extensive 

M = 1.62 and 2.91. The side-view schlieren photographs obtained 
indicated that the pressure rise resulting from the conical 

Longitudinal Stability 

Effect of angle of attack on the forces and moments.- The effect 
of angle of attack on the lift, drag, and pitching-moment coefficients 
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as well as the lift-drag ratio for the 11 configurations is shown in c3 

figures 6, 7, and 8 for Mach numbers of 1.62, 2.91, and 6.86, respectively. 

Rapid changes in the forces and moments with angle of attack occurred e 

at angles of attack near -8' on configuration G1 P B B ZBT at M = 1.62 
(fig. 6(k) ) and are probably associated with shock-induced boundary- 
layer separation in the region of the glider-wing lower surface and the 
forebodies of the first- and second-stage boosters. Schlieren observa- 
tions near this angle of attack indicated abrupt changes in the shock 
configuration with small changes in angle of attack in this region. 

A hysteresis effect was observed in the force and moment results 
on configuration G ~ B 3 B 2 p B ~  at M = 2.91 (fig. 7(k)). At this Mach 
number, however, these nonlinearities occurred at smaller angles of 
attack than at 
and nonlinear effects were the result of laminar boundary-layer separa- 
tion,,a transition strip was applied to the glider wing and around the 
conical noses of the first- and second-stage boosters. The results of 
these tests are shown in figure 7(2) and indicate that tripping the 
laminar boundary layer on these surfaces had no significant effects on 
the nonlinearities in the force and moment results. 

M = 1.62. In an attempt to determine if these hysteresis 

At M = 6.86 each configuration generally showed more nonlinear 
variation of lift and moment coefficients with angle of attack than the 
variations which occurred at the lower Mach numbers. 

Hysteresis effects were not encountered in the tests of configura- 
tion GfB3BzBlH at M = 6.86 (fig. 8(k)); however, the changes in the 

slope of the 
center throughout the angle-of-attack range. 

C, curve indicate wide variations in the aerodynamic 

Lift-drag ratios.- In general, the lift-drag ratios of each config- 
uration decreased with increasing Mach number. This was most apparent 
for the finned configurations, G1 B3B$?1 and GI B3BF2. For the large 

finned configuration, G B B F the lift-drag ratio varied from about 1 3 2 1 '  
4.3 at M = 1.62 (fig. 6(c)) to about 2.3 at M = 6.86 (fig. 8(c)). 
This decrease in lift-drag ratio with Mach number did not occur on the 

T T 

T 

similar tandem configuration G TB B , or on the configurations with (1 32) 
the boosters arranged in a trine cluster. However, the variation of 
lift-drag ratio with angle of attack shown in figures 6(h) and 6(i) at 
M = 1.62 for the cluster and in figures 7(h) and 7(i) at M = 2.91 

&- 
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configurations ( GITTBIC and GlTB3BlC) have not reached t h e i r  peak l i f t -  

drag r a t i o  within the angle-of-attack range of the t e s t ,  whereas f i g -  
ures 8(h)  and 8( i )  show t h a t  a t  M = 6.86 
reached a t  a much smaller angle of a t tack.  

the peak l i f t -d rag  r a t i o  i s  

The rearrangement of the f i r s t - s t age  boosters from a horizontal  t o  
a v e r t i c a l  pa t te rn  resul ted i n  a decrease i n  l i f t -d rag  r a t i o  of 1 or 
grea ter  a t  a l l  Mach numbers (compare f i g s .  6 ( f ) ,  7 ( f ) ,  7 (g) ,  8 ( f ) ,  and 
8 ( g ) )  and t o  a considerable extent  i s  due t o  the decrease i n  t o t a l  
planf o m  area and theref ore the l i f t i n g  capabi l i ty  of conf igu- 
r a t ion  G ~ T B ~ B ~ B ~  H . 

Effect  of Mach Number on L i f t -  and Pitching-Moment-Curve 

Slopes and D r a g  at Zero L i f t  

The r e s u l t s  of f igures  6, 7, and 8 have been summarized i n  f igure  9 
i n  the  form of C h ,  C%, and CD,o t o  show the e f f e c t  of Mach number 

on these parameters. Also shown i n  t h i s  f igure  f o r  comparison purposes 
are similar da ta  obtained on the g l ide r  alone as reported i n  reference 3 .  
(It should be noted t h a t  the pitching-moment reference center  used i n  
the  tests of reference 3 w a s  at 64 percent of the  body length and t h a t  
these data  were t ransferred t o  the  moment reference center of the present 
tests f o r  the  comparisons shown i n  f i g .  9 . )  

The l i f t  r e s u l t s  of f igure  9 show the  usual  decrease i n  l i f t -curve  

T T 
slope with increases i n  Mach number, the decrease being grea tes t  f o r  the  
finned configurations GI B 3 B 9 1  and G1 B3B92- 

t rend w a s  found when the boosters were arranged i n  c lus te rs  such as con- 

An exception t o  t h i s  

' Beyond M = 3 these configurations f igura t ions  G~ T TB: and G~ ~ 3 ~ 1  . 
have increased l i f t -curve  sloDes with increases i n  Mach number, the  
longer configuration (GlTB3B1') having the higher value of C i  at 

M = 6.86. 
a t t r i bu ted  t o  the  increasing l i f t  effectiveness of t he  conical f a i r ings  
on the  f i r s t - s t age  booster throughout the Mach number range of the tests 
Similar increases i n  l i f t -curve  slope with Mach number have been pre- 
dicted theo re t i ca l ly  and the  results are given i n  reference 5 .  A s  might 
be ant ic ipated,  the  l i f t  r e s u l t s  of f igure  g(b) show tha t  s ign i f icant  
increases i n  can be obtained by mounting the  f i r s t - s t a g e  boosters 

i n  the  horizontal  plane re la t ive t o  the g l ide r  wing (GlTB3B@lH) ra ther  

To some extent ,  t h i s  increase i n  l i f t -curve  slope may be 

C h  



than in the vertical plane This increment in lift-curve 
slope is appreciable but diminishes at the higher Mach numbers. 

P Except for configuration G1 B B 'B ', all configurations have 3 2  1 
with increases in Mach number. Increments in drag decreases in C 

due to variations in number and location of boosters can be found by 
comparing the present results with the drag values of the glider alone 
as shown in figure 9. 
a severe penalty will be incurred by locating the first- and second- 

D, 0 

According to the drag results shown in figure g(d), 

( 

I 
I 

stage boosters below the glider (configuration G~B3B,pB~) rather than 

in some tandem arrangement such as configurations GI T B B $3; or G1 T B3B2BlV. 
This drag penalty might be acceptable, however, in order to reduce the 
aerodynamic destabilizing effect o r  structural problems associated with 
rigidly mounting the glider in a tandem configuration similar to those 
investigated in the present tests. 

Most of the configurations were aerodynamically unstable about the 
moment reference center chosen for this investigation, having positive 
values of the stability parameter (2%. For most configurations the 

effect of increasing Mach number was to diminish the absolute value 
of C%. The two finned configurations, GlTB3Bg1 and GlTB3Bg2 * 

(fig. g(a)), were aerodynamically stable at the low supersonic Mach 
numbers but the small finned configuration became unstable at Mach num- 
bers greater than 4.8 while the configuration with the large fins became 
neutrally stable at a Mach number of 6.8. This loss in fin effective- 
ness undoubtedly could be overcome at hypersonic Mach numbers by using 
a conical skirt on the booster (see, for example, the results of ref. 6) 
providing the drag and additional weight penalty of such a skirt is 
permissible. 

than its counterpart GlTB3B2BlV at the lower Mach numbers but at 
M = 6.86 the configuration with the boosters mounted vertically rela- 
tive to the glider wing (% B3B2Blv) was slightly more stable than the 
configuration with the first two boosters mounted in the horizontal 
plane relative to the glider wing ( GlTB3B*BlH). 
figurations GlpB B ' and GlpB3B2pBlH as shown in figure g(d) were both 
stable at the lower Mach numbers and approached neutral stability as 

Configuration GiTB3B2BlH had a greater stability level 

T 

(See fig. 9(b). ) Con- 

3 2  

the Mach number increased, configuration G 'B B 

stable at a Mach number of about 6.2. 
becoming neutrally 1 3 2  
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CONCLUDING FE3NRKS 

An exploratory investigation has been made at Mach numbers of 1.62, 
2.91, and 6.86 to determine the effects of booster geometry and location 
on the longitudinal aerodynamic characteristics of a hypersonic glider 
and a series of 11 booster combinations. The results showed that adequate 
stability levels can be obtained by mounting large fins on the boosters 
but that these fins become ineffective at moderate hypersonic Mach numbers. 
The results also indicate that the unstable aerodynamic moment incurred 
by rigidly mounting the glider on the forward end of the boosters might 
be relieved to a considerable extent by mounting the glider on the side 
of the boosters. The results of tests of such a configuration indicated 
an extremely high drag level over the Mach number range of the tests and 
in addition showed nonlinear and hysteresis effects in the force and 
moment data at the lower Mach numbers. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., August 3 ,  1960. 
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TABLF: I.- MODEL GEOMETRIC CHARACTERISTICS 

Glider (same geometry as model B l W l V l  of ref. 3) : 
Wing : 

Area, sq in .  . . . . . . . . . . . . . . . . . . . . . . . 1.89 
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . 74.25 

Theoretical  t i p  chord, i n .  . . . . . . . . . . . . . . . . 0.540 
Theoretical  taper  r a t i o  . . . . . . . . . . . . . . . . . . 0.205 

Theoretical  root  chord, i n .  . . . . . . . . . . . . . . . 2.627 

Span, i n .  . . . . . . . . . . . . . . . . . . . . . . . . 1.354 
Mean aerodynamic chord, i n .  . . . . . . . . . . . . . . . 1.758 
Section ( p a r a l l e l  t o  center l i n e )  . . . . . Modified 6' wedge-slab 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . 0.970 
Leading-edge radius (normal t o  leading edge), i n .  . . . . 0.010 

Vert ical  f i n s :  
Area, sq in .  . . . . . . . . . .' . . . . . . . . . . . . . 0.147 
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . 40 
Root chord, i n .  . . . . . . . . . . . . . . . . . . . . . 0.540 
Tip chord, i n .  . . . . . . . . . . . . . . . . . . . . . . 0.213 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . 0.394 
Height, in .  . . . . . . . . . . . . . . . . . . . . . . . 0.390 
Mean aerodynamic chord, i n .  . . . . . . . . . . . . . . . 0.427 
Section . . . . . . . . . . . . . . . . . . . . . Modified 5' wedge 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . 1.035 
Leading-edge radius (normal t o  leading edge), in .  . . . . 0.010 

Body : 
Overall length, i n .  . . . . . . . . . . . . . . . . . . .  
Length of half-cone nose, i n .  . . . . . . . . . . . . . .  
Length of half-cylinder portion, i n .  . . . . . . . . . . . 
H a l f  angle of nose, deg . . . . . . . . . . . . . . . . . . 
N o s e r a $ i u s , i n .  . . . . . . . . . . . . . . . . . . . . . 
Incidence of half-cone axis t o  horizontal ,  deg . . . . . . 
Incidence of wing lower surface t o  horizontal ,  deg . . . . 
Radius of half-cylinder,  i n .  . . . . . . . . . . . . . . . 
Base area, sq in .  . . . . . . . . . . . . . . . . . . . . 

2.500 
1.385 
1.115 

7.5 
0.0376 
-2.5 
5 -0 

0.180 
0.348 

a 
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TABLE I.- MODEL GEOMETRIC CHARACTERISTICS - Continued 

Boosters : 
BIH and BIV (outboard boosters of p a r a l l e l  booster configuration) : 

Overall length of boosters, i n .  . . . . . . . . . . . . . .  3.776 
H a l f  angle of nose cone, deg . . . . . . . . . . . . . . . .  12.08 
Nose radius,  i n .  0.0383 
Fineness r a t i o  of nose cone . . . . . . . . . . . . . . . .  2.096 
Length of constant diameter section, i n .  . . . . . . . . .  2.318 
Base diameter, i n .  . . . . . . . . . . . . . . . . . . . .  0.600 
Base area, sq i n .  . . . . . . . . . . . . . . . . . . . . .  0.283 

. . . . . . . . . . . . . . . . . . . . .  

B l c  ( three boosters i n  t r i n e  c lus t e r  configuration) : 
Overall length,  i n .  . . . . . . . . . . . . . . . . . . . .  3.396 
Length of cone section, in .  . . . . . . . . . . . . . . . .  0.615 
Half-angle of asymmetrical cone, deg . . . . . . . . . . . .  29.40 
Base diameter of cone, i n .  . . . . . . . . . . . . . . . .  0.600 
Base diameter of booster, i n .  . . . . . . . . . . . . . . .  0.600 
Base area of booster, sq i n .  . . . . . . . . . . . . . . .  0.283 

B2 (middle booster of p a r a l l e l  booster configuration) : 
Overall length of booster, in .  . . . . . . . . . . . . . .  2.781 
Diameter, i n .  . . . . . . . . . . . . . . . . . . . . . . .  0.600 
Base area,  sq in .  . . . . . . . . . . . . . . . . . . . . .  0.283 

B2' (middle booster used i n  piggyback configuration) : 

(see physical charac te r i s t ics  of BIH and Blv) 

B3 ( f i n a l  boost stage) : 
Overall length of booster, i n .  . . . . . . . . . . . . . .  1.800 
Length of truncated cone, i n .  . . . . . . . . . . . . . . .  0.660 
Base diameter of truncated cone, in .  . . . . . . . . . . .  0.600 
Half-angle of truncated cone, deg . . . . . . . . . . . . .  12.81 
Base diameter of booster,  in .  . . . . . . . . . . . . . . .  0.600 
Base area of booster,  sq in .  . . .  I . .  . . . . . . . . .  0.283 

T ( t r ans i t i on  piece used i n  piggyback configuration) : 
Overall length, i n .  . . . . . . . . . . . . . . . . . . . .  1.275 
Length of truncated cone, i n .  . . . . . . . . . . . . . . .  0.660 
Base diameter of truncated cone, in .  . . . . . . . . . . .  0.600 
Half-angle of truncated cone, deg . . . . . . . . . . . . .  12.81 
Base diameter of booster,  i n .  . . . . . . . . . . . . . . .  0.600 
Base area of booster, sq in .  . . . . . . . . . . . . . . .  0.283 

L 
6 
8 
8 



TABLE I.- MODEL GEOMETRIC CH-CTERISTICS - Concluded 

'I Complete configurations : 
P a r a l l e l  booster configurations with t h i r d  stage (GlTB3B2B1, : 

Overall length, i n .  . . . . . . . . . . . . . . . . . . . .  7.081 
Base area,  sq i n .  . . . . . . . . . . . . . . . . . . . . .  1.031 

T P a r a l l e l  booster configuration without t h i r d  stage ( G1 TB2B1) : 

Overall length,  i n .  . . . . . . . . . . . . . . . . . . . .  6.556 
Base area,  sq i n .  . . . . . . . . . . . . . . . . . . . . .  1.031 

Cluster booster configuration with t h i r d  s tage (G:B7Bc): 

Overall length, i n .  . . . . . . . . . . . . . . . . . . . .  7.081 
Base area, sq in .  . . . . . . . . . . . . . . . . . . . . .  0.870 

Cluster booster configuration without t h i r d  stage (GlTTBlC) : 
Overall length,  i n .  . . . . . . . . . . . . . . . . . . . .  6.556 
Base area,  sq in .  . . . . . . . . . . . . . . . . . . . . .  0.870 

Piggyback configuration G:B3BTBc ) : ( 
Overall length, in .  . . . . . . . . . . . . . . . . . . . .  4.300 
Base area,  sq in .  . . . . . . . . . . . . . . . . . . . . .  1.314 

Glider plus t h i r d  stage GlTB3 : 0 
Overall length, i n .  . . . . . . . . . . . . . . . . . . . .  4.300 
Base area, sq i n .  . . . . . . . . . . . . . . . . . . . . .  0.283 

c 
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T I I4Y3 
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Model stations 0 1.1 I5 2.500 3.160 4.563 7.081 

Model stations 1.1 5 2.500 3.160 4. IO 5.113 7.081 
4.563 I I 

\I 

G;B3B2F, 8 G:B3B2F2 

P 

Figure 1.- Schematic drawings of llbooster configurations. All dimen- 
sions are in inches. 
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Model stations 0 1.1 15 2.500 3.160 4.038 6.556 

-+____-- 

Modd stations 

Model stations 2.500 3.160 

(b) GlTTB$3:, GlTB3Bp1 H , and G1 T B3B2B1 v . 

Figure 1. - Continued. 
P 
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3. I60 4.300 
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u3 
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Model stations €) 524 1:1,l5 1.782 3.160 4 .vO 

I I I I 2.5po I 

Top view 

G,~B~B,~B,H 

Side view 

9 P H  (a> GTB~B? ma G~ ~ 3 ~ 2  B~ . 
Figure 1.- Concluded. 
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T cn 
a, 
a, 

L-60-4338 
Figure 2.- Photographs of t he  l l b o o s t e r  configurations, 



Figure 2 - Continued. L- 60- 4339 
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" (TOP view) 

Figure 2.- Continued. 
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L-60-4341 
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Figure 2.- Continued. L-60-4342 
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Figure 2a- Continued. L-60-4343 



24 

vi 

Figure 2.- Concluded. L-60-4344 



G?B3B2FI 
Top view Side view 

(a> GlTB3, GlTB3Be, and GI T B3B$’1. L-60-5556 

Figure 3.- Typical schlieren photographs at M = 1.62. 
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GITB3B2F2 

G ~ B ~ B ~ B I ~  

Top view Side view 

M 

t 
0 
0 
0 

Figure 3.- Continued. 
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Top view 

T C  T C  G1 TB1 , and G1 B3B1 . 
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L-60-5558 

Figure 3.- Continued. 
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Top view Side view 

(dl  GlpB3B2P and G 1  P B3B2 P H  B 1  . 

Figure 3." Concluded. 

L-60-5559 
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G?B3B2 

GITB3B2FI 
Top view 

. -  

Side view 

L-60- 5560 

Figure 4.- Typical schlieren photographs at M = 2.91. 
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l o p  view 

G: 6382 B iH 

Side view 

Figure 4.- Continued. 
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Top view 

G ,TB B ~ C  

Side view 

Figure 4.- Continued. 
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Top view 
GI' B3B2'BiH 

Side view 

L-60-5563 
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Figure 4.- Concluded. 
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G?B3B2 

GITB3 B2F2 

GlTBJBg1, and G1 T B3BF2.  L-60-3564 

Figure 5.- Typical schlieren photographs at M = 6.86. 
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G  IT^ B* B, H 

L-60- 5565 

Figure 5.- Continued. 



(c) G:B3B: and G:B3B2 P H  B1 . L-60-7766 

Figure 3 .  - Concluded. 
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(a) G1 T B3 (with transition); R = 0.39 x 10 6 . 

LiD 

s 

Figure 6.- Variation of lift, drag, and pitching-moment coefficients and 
lift-drag ratio with angle of attack at M = 1.62. 
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T 6 (b) G1 B3B2; R = 0.402 x 10 . 
Figure 6 .  - Continued. 
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( e )  GlTB3Bg1 (with transition); R = 0.40 x 10 6 . 

Figure 6.- Continued. 
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(a) G T B 3 B 9 2  (with transition); R = 0.40 x 10 6 . 

Figure 6.- Continued. 
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(e>  G~ T TB~B?; R = 1.01 x 10 6 . 

Figure 6.- Continued. 
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Figure 6.- Continued. 
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(d G 1  T B3B2B1 v ; R = 0.98 x 10 6 . 

Figure 6. - Continued. 

e 
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(h) GITTBIC; R = 0.98 x 10 6 . 
Figure 6.- Continued. 
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Figure 6.- Continued. 
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(j> G:B~B:; R = LOO x i o  6 . 
Figure 6.- Continued. 
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(k) G;B3BTBF; R = 0.40 x 10 6 . 
Figure 6.- Concluded. 
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Figure 7.- Variation 
lift -drag 

2 

Q V D  

T 6 GI B3; R = 0.75 x 10 . (a) 

of lift, drag, and pitching-moment coefficients and 
ratio with angle of attack at M = 2.91. 
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(b) GI T B3B2; R = 0.74 X 10 6 . 

Figure 7.- Continued. 



( c )  G ~ ~ B ~ B ~ ~ ;  R = 0.75 x i o  6 . 

Figure 7. - Continued. 
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(a) G ? B ~ B ~ ~ ;  R = 0.73 x io 6 . 

Figure 7. - Continued. 



(e) G1 T TB2BF; R = 0.74 X 10 6 . 
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Figure 7.. - Continued. 
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(f) GTB3B$3?; R = 0.74 x 10 6 . 

Figure 7.- Continued. 
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Figure ' 7. - Continued. 
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T 6 GI TE3:; R = 0.73 X 10 . (h) 
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Figure 7. - Continued. 
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C 6 (i) GlTB3Bl ; R = 0.73 x 10 . 
Figure 7. - Continued. 



P 6 GI B 3 B z ;  R = 0.74 x 10 . 

Figure 7. - Continued. 
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(k) GcB3B2 P H  B1 ; R = 0.77 

Figure 7. - Continued 
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( 2 )  GIPB3B2’BlH (with transition); R = 0.74 x 10 6 . 

Figure 7 .  - Concluded. 
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Figure 8.- Variation of lift, drag, and pitching-moment coefficients and 
6 R = 0.27 x 10 . lift-drag ratio with angle of attack at M = 6.86. 
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Figure 8.- Continued. 
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Figure 8. - Continued. 
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Figure 8.- Continued. 
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Figure .8. - Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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f o r  the D,o Figure 9.- Effect of Mach number on C%, Ch, and C 
U configurations.  
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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